ABSTRACT 


The  equetlon  of  motion  I3  written  In  quasl-netiural  coordi- 
nates, the  ten^Atial  end  nonsrl  coaponants  of  >dd.ch  represent 
teodAcy  equatlAS  for  wind  speed  and  dlroctlA  respectively. 

An  attempt  Is  mede  here  to  detemlne  the  mcgnltudos  of  the  con- 
trolling terns  and  to  evaluate  their  Instantaneous  derivatives 
means  of  a graphical  method  In  order  to  detezmine  the  local 
time  rate  of  change  of  the  wind. 

A trial  wind  forecast  was  prepared  based  on  extrapolation 
methods  only  and  ^ras  used  rs  e standard  by  w-ilch  to  judge  the 
feasibility  of  this  new  method. 

It  was  found  that  vertical  es  well  as  horizontal  advectlon 
plays  on  Important  part  in  the  detezmination  of  the  wind  ten- 
dApy.  However,  with  the  techniques  employed  here,  the  con- 
tributions due  to  vortical  advectlon  could  not  be  measured  with 
sufflolAt  accuracy.  The  horizontal  advectlon  terms  provided 
slightly  better  results  but  only  In  a qxicUtatlve  sense.  It  is 
suggested  that  perhaps  use  of  better  techniques  of  analysis  or 
smoothing  would  greatly  Improve  the  results. 


1,  IBTRDDOCTXON 

NvDerieel  forecasting  has  been  a of  uateorologists  even  be- 
fore RichtJ^ison' 8 atteopt  (1922).  Vtrlous  theoretical  bases  have 
been  used.  Richardson  used  the  equation  of  motion  (together  vlth 
the  aquation  of  cc^itlnulty,  equetlon  of  st^te,  energy  ec  vutlon,  end  a 
coDservatioi  of  water  substance  equatloa) ; recent  investigators  (Char- 
ney,  Eliassen,  FJortoft,  etc.)  have  generally  used  the  vortlclty  eq- 
uation in  sone  fom. 

On  the  one  hand,  Richardson*  a use  of  the  ec^tion  of  motion  it- 
self rather  than  a derivative  of  this  equation,  such  as  the  vortlclty 
equation,  seesis  ^ priori  nore  reasonable.  This  is  because  It  Is  mani- 
festly easier  to  detemlne  accurately  a mai^>ed  quantity  than  to  de- 
temine  accurately  its  dexlvatives.  Furtlienaore,  if  the  vortiolty 
equation  is  the  basis  for  wozic,  not  only  must  a derived  field  be  used, 
but  once  the  vortlclty  field  has  been  forecast,  an  integration  is  re- 
quired for  the  return  to  the  velocity  field.  Thus  there  Is  a-differ- 
entlation  which  Is  Ic.ter  annulled  ty  an  integration.  Obviously,  both 
steps  can  contribute  errors.  However,  e.s  ve  sliall  see  balo^f,  it  is 
the  ageostrophio  pert  of  the  wind  field  \dilch  con  tributes  to  the  changes. 
It  is  possible  that  ty  the  transition  to  the  vortlclty  equation  In 
idilch  the  pressure  influence  appears  only  in  the  solenoldal  tern,  work 
with  non-significant  portions  of  the  pressure  has  been  avoided  end  this 
errors  Introduced  as  a result  of  mt  oping  these  p;  rts  of  the  pressura 
field  have  been  avoided.  Seemingly  both  approaclies  have  laerlt.  In 
thie  investlgction,  ^dilch  supplements  an  earlier  one  performed  at 


Florida  State  Univerulty  In  vhlch  the  vorticity  ec;vu:tlon  \rz3  used 
(Shenaan,  1952),  voz^  vlU  be  done  with  the  equation  of  aotion  di- 
rectly, 

Whether  one  woiics  with  the  eqxietion  of  motion  or  with  the  vortici- 
ty equation,  one  must  conL>ider  the  possibility  of  introducing  unwanted 
solutlona  (such  as  sovmd  waves)  end  the  question  c.f  computational 
stability  since  si:iplifylng  assumptions  rnd  cotaputctlonjl  errors  are 
involved.  Chamey  end  others  have  cjdvocated  the  use  of  a ruasi-geo- 
strc^phlc  hypothesis  for  these  reasons.  It  is  of  Interest,  nsvertheleas, 
to  txy  wozlcinc  with  the  wind  field  itself  (rather  then  ths  pressure 
distrlbuticm) . Ibis  field  is  of  great  Interest  to  aviation-route  fore> 
casters  for  hi^  level  jet  and  other  flights.  Unfortunately,  current 
techniques  often  result  in  50*kt  errors  in  the  wind  forecast  (Camp- 
bell Orde,  1952)  • It  is  with  the  iq>per  wind  forecast  in  mind  that 
this  investlgatioa  has  been  carried  out.  The  upper  winds  are  of  in- 
terest both  for  themselves  and  because  it  is  felt  that  the  weather 
patterns  can  probe.hly  be  forecast  os  well  or  better  with  the  flow 
patterns  then  with  pressure  patterns.  Certainly  the  winds  are  most 
accurately  determined  from  a vrind  analysis,  especially  with  the  recent 
increase  in  rabsl  and  rawln  observations. 

The  alms  here  ore  to  check  tlie  orders  of  magnitude  of  the  prln- 
cipaJL  terns  of  the  equations  governing  the  time  r^tes  of  change  of 
wind  speed  end  direction,  and  alao  to  find  whether  or  not  these  tezma 
can  be  deteznlned  with  sxifficient  accuracy  to  provide  a positive  aid 


in  the  vlzkl  forecast 
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2.  THE  \.mD  SPEED  iitJD  DIIUDCTIOti  TU'DaiCY  B.iJj.iIOfJS 

If  quciil-neturv  1 coordliic  tea  ore  used,  tha  vind  velocity  moy  be 

>dieare  c Is  the  horizontal  vlud  speed,  w Is  the  vartlccl  speed  and 

~ Sir)  ^ 

^ Is  a tmlt  tmgmt  to  the  horizontal  atrsij&line.  The  unit  vectors 

^ j and  IK  ere  dlreotad  to  the  Miat,  north  and  zenith  on  a aj^erloel 
earth;  14/  is  the  dlreotlon  of  the  horizontal  atreemline  es  usually  meck- 
aured  in  aeteorolojy  (i.e.  the  direction  from  which  the  wlxid  olowa). 

The  tangenticl,  ^ , and  the  nomal,  th  sCOSWS  > caaponants 

of  the  eqxuxtlon  of  motion  will  be,  reapectlvely,  wind  speed  and  di- 
rection tasdency  equations: 

(X)  r -c||  + f> 

(2)  = _c(^  ♦ 

The  usual  notation  is  used  here  where 
f = Coriolis  parameter  * 2 Cl  sin  ^ 
oCs  specific  vDluBte 
p 3 pressiure 
* 4^3  latitude 

Fs,  Fh  s tangential  and  noxnal  cenponente  of  frictional  tern. 

Terns  Involvinfi  r,  the  radius  of  the  earth.  In  the  denominator  axe 
correotiens  due  to  tiie  spatial  variation  of  the  unit  vectors  d , ^ , 
and  tK  • It  follows  that  (1)  azul  (2)  represent  a metns  of  corui>uting 
tendencies  of  wind  speed  and  direction  respectively  since  the  terns  on 
the  rl^t  side  of  the  equations  can  be  evulucted,  <:t  least  theoretically* 
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From  simple  order-ofnacgnltude  ooDputations,  It  cui  be  seen  that  nil 
oorreotlon  terms  due  to  the  curvature  of  the  earth  ore  extremely 
earn,  Thay  vlll  be  cegleoted  here.  Also  terms  involving  products  of 
V,  the  vertlccl  vind  speed,  and  ^ , the  angular  speed  of  the  ecrth's 
rotation,  vlU  be  small  and  here  neglected.  Because  of  a led:  of 
knowledge  of  the  viscous  tens.  Pa  and  Fn,  woric  will  be  done  at  a 
level  where  they  are  believed  to  be  small  and  thus  negligible.  The 
quantity  may  be  replaced  by  , where  h is  the  hei^t  of  an 
iaoboric  surface.  EnviatlMS  (1)  usd  (2)  than  become 

It  ~ -c  I: -"'ll  -^57 


In  both  tendencgr  equations,  essentlelly  threa  terms  remain.  They  ere 
idiat  will  be  called  the  (horisontel)  advective  term,  the  vertical  ve- 
loci^  tera,  and  the  ageostrophic  term  respectively. 

It  is  obeerved  that  temper«^te  sons  wind  systems  usxially  Ex>va  from 
vest  to  east  at  a speed  slower  then  the  wind.  Thus  the  advective  term 
in  each  of  equations  (3)  :nd  (4)  must  be  opposed,  to  some  extent  at 
least,  by  one  or  more  of  the  remaining  terms.  The  choice  of  these  has 
80  far  been  narrowed  to  the  ageostrophic  md  verticvl  velocity  terms. 
It  will  often  be  the  ease  that  >hile  vertical  sheers  of  the  wind  speed 
ere  significant,  no  appreclablo  turning  of  the  wind  is  present  ^|sm, 
for  example,  Chexney,  FJortoft  end  von  Neumenn  (1930)^.  In  the  cases 
dealt  with  here,  it  was  found  that  the  turning  of  the  wind  at  the 
woxWng  level  (16,000  ft)  wae  generelly  of  the  order  of  10°/4000  ft 
or  lesB.  This  turning  could  not  be  analyzed  since  winds  are  reported 
only  to  this  accurraoy.  Hence  the  terms  which  must  be  considered 
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In  tjddltlon  to  tho  cdv^tlve  tern  mu.'t  be  either  or  both  the  ageostro- 
phlc  tnd  vertical  velocity  teme  In  the  cr.se  of  the  speed  tendency  e> 
quatlon,  and  tl.e  ageostrophlc  tern  In  the  case  of  the  direction  ten- 
dency equation.  It  should  be  noted  thct  a 10  ca/^ec  vertical  velocity 
(more  then  rverege)  together  vith  a turning  of  the  wind  of  10V4000  ft 
vlU  result  In  a chenge  of  lees  than  10V3  hrs  In  the  wind  direction; 
hence  the  vertical  velocity  term  of  the  direction  tendency  eciiation, 
neglected  of  naoessity  because  It  o<jmot  be  analysed.  Is  not  a dominant 
one. 

This  narrowln.3  of  the  choice  of  terms  to  the  (horlzontrl)  edveo- 
tlve  term,  the  ageostrophlc  term  and.  In  the  case  of  the  speed  ten- 
dency, perhaps  the  vertlccJL  velocity  term  is  in  accord  vith  the  ex- 
perience of  other  investigators.  For  example,  Riefal  and  Jenista 
(1952)  reported  that  in  their  woiic  the  ageostro.Mc  term  of  the  speed 
tendency  was  significant  and  Invariably  opposed  to  tlie  (borlzontel) 
advectlve  term. 

Initially  it  was  felt  that  the  vertical  velocity  terms,  whether 
large  or  small,  would  perhaps  be  systeca.tlo  in  certain  regions  (for 
example,  the  lee  of  the  Rocty  Mountains) . Such  non-random  effects 
should  be  taken  Into  account  even  if  they  are  relatively  small.  Be- 
cause of  tiie  ooiaplaxity  of  the  vertical  velocity  computation,  vhloh 
would  affect  both  the  accuracy  and  the  operational  fe<:8lbility  of  the 
computation,  it  was  hoped  that,  should  this  term  be  significant,  per- 
haps some  averc.ge  map  of  it  oould  be  used.  This  could  occur  in  the 
event  that  the  patterns  were  largely  orogra-^oally  determined  or 
consisted  of  an  orographic  part  (this  would  appear  in  the  mean  map) 
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end  a synoptic  ni.rt  >diich  would  oorrelsto  with  the  horlsontcl  >lnd 
pettems.  Aside  from  th^  question  of  Aether  or  not  these  vartloiJ. 
Telocltgr  terms  otn  be  dealt  \dth  on  a dey  to  dey  basis.  It  Is  desircble 
to  look  at  their  order  of  mc^nltude. 

The  egeostroplilo  taros  of  both  aouatlons  vere  clear3oT  the  prise 
ocndldates  for  the  role  of  count erbelenoe  to  tl'.e  c>dvaotive  taxus. 

These  aceostrophlo  terns  will  be  hard  to  oaojute  accurately,  for  e 
siiqile  eelouletlon  will  show  tliat  contour  dlffererces  along  a stress! Ine 
■nat  be  aaoasured  to  within  roughly  65  ft/5^  let  to  oonpute  the  egeo- 
8 trophic  contribution  to  the  spead  tend  on  oy  to  within  10  kts/3  hrs. 
Siiillarly,  contour  cliff eroacas  >.loi;£  the  nonu.l  muct  be  moc-sureJ  to 
within  5$  ft/5^  let  in  order  to  oompute  an  ageo8trcj|)hlo  oontrlbutlcn 
to  the  dlreotlon  tendency  of  10®/3  hrs.  Thus  swill  errors  in  the  ansi* 
ysls  of  the  etreanllne  and  contour  fields  lead  to  very  large  disore- 
peneles  In  the  tendency  fields.  Howeyer,  this  very  sensitivity  de> 
■onstratea  the  laportanoe  of  these  terns.  It  is  certain  that  indrafts 
of  the  order  of  10°  to  30°  or  more  do  occur.  Vith  wind  end  geostrophie 
wind  speeds  of  the  order  of  50  kts,  e 10°  Indraft  would  laply  a 10 
kt/3  hr  ageostronhio  contribution  to  the  speed  tendency. 

3.  THE  SIHOPnC  SITUAnCH 

The  choice  of  the  period  over  which  to  taut  the  calculations  was 
not  randen.  The  week  coonenclng  on  the  19th  of  April,  1950  wi  a a ”Met»^ 
orologicel  Week",  during  ^ilch  speci<-l  effort  was  made  to  obtain  a aax~ 
iauB  nuBber  of  observations.  For  the  test  in  this  investigation  two 
days  wore  chosen,  the  19th  and  20th  ox'  April  frea  this  week,  end  cal- 
oulutlons  at  0300Z  and  1500Z  each  day  wars  made.  To  minimise  the 
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eff »ot8  of  frlotloQ,  a larel  hi^h  over  tlie  Roolcy  Mountclns  wr  th  a 
suffioleDtly  deoeta  natwork  of  obearrotlons  waa  sought.  0rl(4nU^ 
it  vaa  planned  to  use  the  ISfOCX)  ft  level*  prlaarlly  because  it  Is 
the  highest  level  for  %diich  vlnda  <je  still  reported  20o6  ft  above  cud 
belov.  However*  it  was  found  t!ut  the  density  of  obcervationri  drojjped 
off  severely  at  18*0CX)  ft*  so  the  16*000  ft  level  was  finally  ohoaen. 

Presented  in  figa  1-6  are  the  16*000  ft  streioallne-isovel  mepa 
and  the  500-«b  oontoura  for  the  period  of  this  investigation. 

The  purpose  hsre  was  two-fold:  to  investigate  the  orders  of 
aognitude  of  the  vcrloua  tezma*  and  to  cee  if  oenputationa  of  the 
speed  and  diraotion  tendencies  could  be  nude  with  sufficient  accur- 
acy to  aid  in  the  vlnd  forecast.  For  this  latter  pert  of  the  Invee- 
tigaticn*  foraoeat  ssaps*  involving  extrapolation  nathodc  only*  of  the 
iaogon  and  ieovel  fields  were  aade  for  the  period  ending  at  1500Z 
on  the  20th.  This  <dioioe  of  forecast  pariod  gave  tvo  histosy  aaps 
and  a verification  laap.  Only  if  the  speed  end  direction  tendencies 
led  to  en  l^>rovenent  over  this  forecost  would  they  be  of  predictive 
value. 

4.  roS  CQMPUTaTIOhS 

To  oooqpute  the  cdveotlon  of  both  wind  speed  and  direction*  the 
respective  maps  were  superimposed  over  the  corres  x»dlng  stracnline 
chart  and  moved  with  the  speed  of  the  wind  forwrrd  und  backward  in 
time*  three  hours  each  way*  ul<x:g  the  streamlines.  These  two  fields 
were  then  subtracted  to  obtoln  a six-hour  tendency.  This  method  wrn 
used  to  center  the  advectlve  tezm  about  the  observc.tloncl  time  and  to 


prwent  *ov«rtt.kli)£"  In  ragiocs  of  Intacsa  spaod  gr  ants. 

"Overt;  klnc"  iSOinij  in  rejione  of  higJi  >’tnd  speeds  isotjona 
«xid  l0ov«l«  viU  be  adveoted  beyond  joining  regions  where  the 
ipeed  is  less.  Hanoei  in  a 6-hr  movaant  in  one  direction  for  exuoplei 
overli^iping  might  ooour. 

In  the  oan.-iutation  of  the  vertiocl  velocity,  c.  Idnaciatie  meth- 
od nimiler  to  tlwt  described  by  Pemofaky  (19^5)  was  employed.  Pree- 
sttre  weighted  vector  svukc  of  the  winde  to  16,000  ft  were  computed* 

The  horlacntel  divergence  of  the  remiltin'^  vector  field  was  then 
computed  by  means  of  en  adaptetion  of  the  "Grahen  ccuuputer"  ((U^- 
ham,  1953)*  The  vertlcd  sheers  were  obtained  by  subtracting  the 
lB,000-ft  wind  speed  observations  from  those  at  14>000  ft.  Orephioal 
Bultiplioation  was  then  used  to  obtain  the  products  of  the  shears 
with  the  vertical  velod^. 

To  oempute  the  ageostrophic  component  of  the  spaed  tendeoocy 
equation,  a carefully  analysed  SOO-mb  contour  map  (drevn  from  pres- 
sure, values  only)  was  differentiated  alon^^  the  16,000 *ft  streamlines. 

In  the  direction  tendency  nation,  the  ageostrophic  contd^tlon 
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computed  by  graphical  addition  of  the  Coidolie  parameter,  f,  to  the 
product  of  gravity  with  the  derivative  of  SOO-ab  contours  (anclyaed 
for  every  100  ft)  elemg  the  left  lund  l6,000-ft  nonoals.  The  various 
space  derivatives  were  computed  graj^cally. 

For  each  12  hoiurly  map  time,  the  following  charts  were  constructs^s- 

A.  Basic  charts 

(1)  isogon  rnalysls 

(2)  streeolines 
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(3)  left  bend  noxmele 

(4)  laovel  enelytls 

(5)  900-Bb  ecotour  encldrsit 

B.  Speed  tendenoj 

(6)  edTdotive  estiw^te  of  o(t  3 hr)«>(&dveetlon  claog)^(2) 

Btreiualinee  ^(4) 

(7)  adveotive  estiaete  of  e(t  - 3 hr)4>(advectlon  eloog) — ~(2) 

etreaiallneB  "^\4) 

(8)  centered  (&t  time  t)  6 hr  edreotlTe  rc.te  of  ohtnge  of  o 

(graph.  aubtr,.)'^^j 

(9)  ^ » ...  - . . (greph»  dlff»)^|^| 

(10)  1“  e>( Interpolation) (9) 

(11)  ^..fplotted  axul  analysed  froa  14*000  tnd  18,000  ft 

aignale 

(12)  . f fitL&F  ooaputed  Teotorially  at  eeo|i  etation  az^ 

(f  7)h  ^ ;jujyzed, 

(13)  r ^—Onbaa  ooaoutor 

^{.7^/  .(U) 

‘(13) 


(14)  — (gnpb*  nult.) 

(15)  -c|»  — ♦ (graph,  add.)  <iSi) 

(16)  •* (*«;»..  *W.)c{J^ 

C*  Oireotian  taodancj 

(17)  adveotlTe  eetizuite  of  V^(t  -f  3 hr)«»(adTeetion  along)? 21 

etreeflilinea  (4) 

(18)  adveotive  eatlaata  of  \^(t  - 3 hr)  (advection  along)^2) 

etreemlinea  v A 

(19)  oantered  (at  tlioe  t)  6 hr  odvaotlve  chiozge  in  ^;^graphx|^| 


(20)  ^ 


aubtr. 


(graph,  diff 

(20) 

.(gvejh,  nult. X (4) 
(21) 


(22)  ^ f>  S ^ «~>(gr^3h.  a^*)^(eonaon  f nap) 
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(19) 

(gnjii,  add,y^(22) 


R«»ultB  of  the  coa?utatlonit  Although  the  vlnd  field  and  pressure 


oootours  vere  analysed  Indepaodaitly,  in  those  reglooa  ^ere  a re- 
iLtirely  dense  netvork  of  signals  vas  available  for  both,  they  were 
in  general  agreement.  In  other  regions  it  was  obvious  that  gross  errors 
hcu^oQcurred. 

It  is  possible  to  oheok  the  wind  and  pressure  analyses  for  con- 
sistenoy  in  texas  of  the  sl^  of  the  expected  oontributlons  froa 
the  various  terns  of  the  speed- and  direetion-tendenoy  equations.  If 
the  ageostrophio  tern  is  to  oi^oe  (and  be  doadnsted  by)  the  advective 
tem,  th«i  in  regions  where  the  strecnlines  cross  fron  hl^  to 
low  isoval  values  (i.e.  >diere  the  wind,  blowing  throu^^  systesis, 
e3q>erieaoes  a deceleration) , the  streenlines  should  cross  from  low 
to  high  pressure  contour  values.  This  can  be  readily  checked  from  the 
wind  and  pressure  analyses. 

The  area  over  ihich  all  the  analyses  invariably  extended  is  in- 
dicated in  fig  9 on  page  17.  Uithin  this  urea  it  was  felt  the  resiilts 
ou|^t  to  be  tested.  It  toms  out  that  over  nost  of  the  test  area, 
for  each  of  the  first  three  nap  tines,  the  streanlines  were  found  to 
cross  the  isovele  and  pressure  contours  so  as  to  result  in  the  ad- 
veotive  and  egeostroj^c  teraa  being  in  agreecieDt  rather  than  oppos- 
ition. However,  on  the  map  for  1500Z  of  the  20th,  theee  terns  are 
in  opposition  where  the  atreaBlinee  exit  fron  the  speed  nirxlww  over 
the  southeastern  United  Itates.  This  doubt  about  the  relationship  be- 
tween the  adveotive  end'  ageostrophio  texns  (as  oonputed  fron  the  ana- 
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lysea  In  this  investl(7utlaD)  dininiahas  hox-iea  for  aixffjclently  aoouF* 
rata  oanputcLtioaa  for  foraouatlng,  but  raokea  loore  desirebla  the  obeokliig 
of  other  texcc  of  the  equctioOi  {>artioul.:  rly  the  vertical  velocity 
one.  However,  further  ooaqput&tloca  were  arjde,  aeeklng  to  detenilne, 
at  leaat,  the  order  of  ac^nltade  of  the  ecmcuted  contributlona  for 
eaob  texn. 

The  apeed-adveotlcn  tema  gave  tendmoieB  ranging  generally  be- 
tween * 25  kts/6  hra.  Theae  ocnputetlona,  by  virtue  of  their  alsq>li- 
clty,  are  considered  here  to  be  quite  reliable.  Purthexnore,  they 
would  yield  oooiputad  ootlcns  of  the  qratcns  greater  than  those  actually 
observed,  aa  expected. 

The  vertical  velocity  tema  of  the  apeed  tendency  gave  eontrtbo- 
tlona  ranging  generally  betwe«x  t 30  kta/6  hra  or  leas,  aave  on  one 
aap-~0300Z/l9th — for  which  extrene  vertical  velocities  were  neasuredL. 

On  this  oap,  contributlona  to  the  spe^  tenioncy  duo  to  this  tena 
ranged  between  * 50  end  - 40  kta/6  hra.  In  genercl,  then,  the  verti- 
cal velocity  tern  was  of  the  setae  else  (or  was  even  a little  greater) 
than  the  horlsontal  edveotlve  temt 

Ageoatrophlc  contributions  to  the  speed  tendency  ranged  generally 
between  * 40-50  kts/6  hra,  with  the  northeast  comer  of  the  check 
area  generally  giving  hl^  values}  on  one  acp  (0300Z/20th) , valviea 
to  greater  than  100  kta/6  hra  were  ocDputed  In  this  comer.  The  tan- 
gentlal  derlvatlvos  of  the  ocntoura  ( Hap  9 for  each  tine)  were 
conputed  for  100  ft/5°  lat  Intervals.  An  isoline  value  of  one,  then, 
corresponded  to  sore  than  22  kts/6  hral  Certainly  the  speed  ten- 
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The  adveotlTe  direotloa  tezktencies,  e^alnf  eaeaed  quite  reU- 
able.  Ihij  generally  ra&ced  between  1 40V^  hre  (but  reached  70V6 

hre  on  one  nap).  The  ageoetrophlo  terns  (|  «>  ranged  between 

* 130V6  hrs*  Again,  these  terns  did  not  seem  to  oppose  eaoh  othez 

dfstenatloally* 

It  was  quite  obvious  at  a relatively  early  stage  that,  by  use  of 
the  baslo  streanllne  and  pressure  analyses  nade  here,  the  ocaputed 
teodenoles  would  not  be  at  all  useful*  Since  there  was  a strong  ^ 
priori  belief  that  the  systeos  nore  generally  with  the  wind,  but  not 
as  fast  as  the  wind  (l.e.  that  the  advectlve  tents  should  dcnlnata). 

It  wcs  next  considered  whether  or  not  a quallU.tlve  use  of  the  adveotlve 
oontrlbutlons  to  the  speed  and  direction  tendencies  would  be  possible* 
There  was  hop*  for  this  both  beeauss  of  this  ^ priori  bellaf  snd 
bsoanss  of  the  preswed  reliability  of  these  odvectlve  tendencies* 

%.  trial  wind  forecast  was  nade  ty  extnpolatlon  msthods  only  end 
used  cs  a basis  for  verification* 

A trial  wind  foreoasti  The  period  frcn  0300Z/20  to  1500Z/20  was 
diosan  for  a trial  forecast*  This  was  froa  the  third  to  the  last 
ikopi  it  provided  two  history  naps  and  a verification  nap  for  the 
forecast*  The  Isogons  and  Isovels  were  first  forecast  by  simple 
extr^iwlatlon.  The  results  are  shown  In  figs  10>14* 

The  prognostic  Isogon  chart  was  made  as  foUowst  The  170° 
Inflection  point  (Isogon  center)  north  of  LeJce  Ontario  was  ertreq>o- 
Inted  both  with  respect  to  lntenid.ty  end  position;  so  too  were  the 
singular  points  In  the  southwest.  The  westernmost  singitlar  point 
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PigiTO  9.  Areo  over  which  all  analyses  extended, 
borders  of.  final  computations. 


Dashed  lines  icK&ate 


Figure  10.  Lxnt^/olQtKsis  for  trial  isogon  forecast.  Legend  I ”"030QZ/I9‘ 
— I500Z/I9;  — fTH«  time;  —forecast  I500Z/20 


Figure  t3.  Extropolotions  for  trial  isovel  forecost.  Legend*.  •••0300Z/ 19; 
— I500Z/I9,  — mop  time;  --forecost  600Z/20 


Rgure  14.  Forecast  isovel  map. 
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had  appeared  on  but  one  map  and  was  foreoast  not  to  move.  The 
orlentati^  ^-dth  respect  to  the  first  of  these  points  of  the  360® 
isogon  vas  extrapolated ji  as  was  the  orientation  of  the  270®  isogcn 
in  the  case  of  the  second,  ^ase  were  taken  "to  be  reliable  isogons 
for  this  purpose  (because  th^  were  straight  and  not  close  to  others). 
The  270®  Isogon  in  the  central  Mississippi  valley  vas  then  extrapo- 
lated as  shovnj  also,  the  intersection  of  successive  positions  of 
the  33G®  isogon  in  the  Idaho-V^ooing  area  vas  moved  as  indicated. 
Finally  the  axes  of  relative  maxioa  and  of  the  isogon  field 

in  the  mountain  states  end  throu^  the  170®  center  north  of  Lake 
Ontazlo  respectively  vere  extrapolated.  All  of  these  preliminary 
extrapolations  are  shovn  on  fig  10*  The  resulting  forecast  isogon 
map  is  shovn  in  fig  11;  streamlines  (\diich  are  completely  deter- 
mined by  the  isogons)  have  been  added.  Fig  12  is  the  corresponding 
verification,  map. 

The  vind  speed  forecast  map  for  the  period  0300Z/20  to  1500Z/20 
vas  made  as  foUovra:  The  jet  axis  vas  extrapolated  linecjrly  in  the 

Montana  area.  A pivot  (pj^)  of  the  axis  vas  located  by  extrapolation 
of  intersecting  points  of  successive  jet  positions.  Also  the  various 
speed  maxima  vere  extrapolated  and  the  forecast  jet  dravn  through 
them.  Intensities  of  these  speed  maxim.",  were  also  extrapolated.  The 
zero  speed  values  vere  marked  to  agree  vith  the  direction  forecast 
maps  and  10-kt  isovels  vere  dravn  approximc.tely  the  same  size  as 
those  appearing  on  the  previous  map.  The  30-kt  isovel  in  the  central 
mountain  states  vas  more  or  less  stationary.  A bisector  betveen 
its  success! v'e  positions  \^s  dravn  and  a segm<=int  of  the  Isovsl  vas 


2 


Figure  15.  Advective  speed  tendency  chart  in  units  of 
knots/6  hours. 


Figure  16.  Advective  direction  tendency  chort  in  units  of 
iOV6  hours. 
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th\i8  oxtrt4>olated  end  foreocat.  This  ves  odjuatod  to  conforo  to  the 
low  vlnds  in  the  south  as8oolc.ted  vlth  the  eeatemoost  oineulcr  point. 
The  speed  grcdlent  dong  the  loft  hend  noxad  of  the  jot  in  the  South 
Dokotc  area  was  oxtrapolc.tod  end  used  es  o guide  in  spacing  forecast 
isovels.  FinoUy  it  vos  noted  that  vind  speeds  under  25  hts  were  not 
reached  Irmediateljr  south  of  the  Conr^lirn  bordery  and  that  a new  speed 
mnximn  of  moertoin  position  end  oegnitude  seened  to  bo  entering 
the  croc  in  the  northwest.  Most  of  these  preliiainaxy  extrapolations 
qppeor  on  fig  13.  Tig  14  is  the  resultant  forecast  Dop»  rnd  part  of 
fig  4 is  the  Terifioatioa  nc^. 

The  nojor  error  in  the  tost  area  of  both  of  these  prognostic 
charts  is  the  forecast  of  the  speed  found  over  Hew  York  at  the 

tine  of  'Uie  verification  chart.  This  was  cn  uncertain  feature  in  the 
forecast.  In  figs  15  end  16  the  cdvoctive  tendency  charts  ore  shown. 
It  will  be  seen  that,  hod  the  speed-tendency  chart  been  token  into 
acccront,  the  speed  intensity  would  have  been  forecast  to  renain  the 
sane  or  increose  slightly,  end  the  dirootion  of  notion  would  have 
been  retrograde  to  the  northwest.  Since  the  odvM^^  emtributions  to 
the  tendenqr  ore  probably  larger  than  the  actual  tendencies,  both  the 
intensity  and  position  night  well  hove  been  held  fixed.  This  would 
have  inproved  the  forecast. 

5.  SOfURI  AND  CONCLUSIONS 

The  results  have  been  largely  negative.  It  was  believed  in  the 
beginning  that  the  wind  fields  thoaselves  oxif^t  to  enter  directly  in- 
to the  wind  prognosis  and  this  belief  is  unchrnged. 
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Urloes  80De  better  tdahnl<iuo  of  Booothlnc  Is  iisad  or  unless  the 

wind  cjid  pressure  f?*;:ljses  ore  onal^ed  together  to  lainliaise  Inoca- 

sistenoies^  the  present  upper  wind  natvox^  eeecis  to  be  Insufficient 

for  the  coourate  deteztalnrtion  of  wind  speed  and  direction  tendaiolos* 

There  Is  sooe  Indlcntlon,  however,  that  the  odvectlve  ports  of  these 

tendencies  (\liloh  should  be  doolnont)  esn  be  used  In  e qualitative  wbqt 

to  liiqjrove  the  wind  forecast  since  they  showed  genercl  c^reeoent  with 

the  forecast  mode  using  extrapolation  nethods  end  Indicated  cn  io- 

proveoent  In  one  region.  It  was  found  that  the  cgeostrophlo  end 

vertical  velocity  contributions  could  not  be  ueosured  ccouratoly’ 

«ou^  to  be  used  in  making  a forecast.  Clearly  the  motion  of  the 

wind  field  at  a given  level  Is  in  pert  detezoined  by  events  In  that 

level  (the  horlsontal  cdvectlve  tenu  Is  the  major  one  here)  end  In 

port  by  linkage  to  events  In  other  levels  (the  vertical  odvectlon  end 

pressure  tenos  ere  the  major  ones  here) . It  would  naturally  be  of  In- 

• 

terest  to  detensine  the  relative  order  of  magnitude  of  these  two  In- 
flvtances.  Measurements  of  the  vertical  cdvectlon  end  pressiu*e  influ- 
ence in  this  paper  indicated  larger  or  ct  least  es  lorge  r.  contribution 
to  the  wind  tendencies  as  the  horlsontal  cdvectlon  term  which.  If 
accepted,  would  indicate  vertical  linkage  due  to  the  ageoetrophlc  and 
vertical  velocity  tezBs  v'oiJ.d  be  the  conti'olliu,,  factor  in  the  detar- 
mlnatlon  of  wind  field  forecasts. 
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